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Geology of the Breitenbush River Area, Linn and Marion Counties, Oregon 

By George R. Priest, Neil M. Woller, and Mark L. Ferns, 
Oregon Department of Geology and Mineral Industries 

Structural Geology 
The area is cut by a major N. 22” E.-trending fault that is here 

referred to as the “Hoover fault” for its exposure on the east end 
of Hoover Ridge. The Hoover fault separates northwest-tilted 
rocks of unit Tbl on Hoover Ridge from younger rocks east of the 
fault. The youngest rock cut by the fault is unit Tbu, where i t  is 
interbedded with unit Ts. No ages are available for the lower part 
of unit Tbu. Interbedded lavas of unit Ts have a minimum age of 
19.4 million years (Ma) (White, 1980a,b; Fiebelkorn and others, 
1982). The total down-bthe-southeast offset across the Hoover 
fault is unknown, but unit Tbq is about 300 m higlier in eleva- 
tion on the northwest side of the fault than on the southeast side 
between Beard Saddle (outside of the map boundary) and Tom 
Creek. Unit Tbq apparently dips toward the southeast a t  Tom 
Creek, so the net slip is probably smaller than the difference in 
elevation. The Tom Creek area is the only place where the same 
unit has been found on both sides of the Hoover fault. The fault 
mapped at Tom Creek is very close to the edge of the map, so more 
faulting could be present west of the map boundary. I t  may be 
that the fault has lesser net slip in the Tom Creek area than in 
areas to the north. It is also possible that there is an angular un- 
conformity between units Tbq  and Tbl. Dips in unit Tbl near 
Stahlman Point (west of the map boundary near Beard Saddle) 
are toward the northwest, whereas overlying rocks of units Ts 
and Tbq appear to have subhorizontal dips. This discordance in 
dips suggests that a period of deformation and erosion preceded 
unit Tbq.  Therefore, some deformation could have occurred on 
the Hoover fault prior to unit Tbq time that would not be detect- 
able as offsets of unit Tbq. Additional mapping in the Stahlman 
Point-Beard Saddle area is critical to resolution of this problem. 

Rocks on the east block of the Hoover fault have mostly sub- 
horizontal or gentle southeasterly to southwesterly dips, unless 
they have been deformed adjacent to the Hoover fault. Numerous 
small faults tilt the east-block rocks on the western margin of 
Boulder Ridge. The largest block is tilted toward the northwest in 
the Cliffs Creek area. This local fault block is separated on its 
southeast side from the rest of the east-block rocks by a north- 
east-trending subsidiary fault that is exposed on the ridge 
separating Cliffs and Cultus Creeks. The exposed fault plane 
strikes N. 35” E., dips 63” to the southeast, and has slickensides 
raking 23” to the southwest. Unit Tbq is locally offset a 
maximum of about 240 m down toward the northwest across the 
fault. If the exposed slickensides and dip are representative of the 
direction of net slip-and_th_e attitude-on the entire fault zone. then 
the fault is a high-angle reveree fault with left-lateral oblique 
slip. However, the irregular trace of the fault across the topog- 
raphy offers no support for the easterly dip or for a large compo- 
nent of strike-slip movement. If the irregular trace of the fault re- 
flects a local irregularity in the fault plane, then this may not be 
relevant to the fault as a whole. The northwest-tilted sequence is 
separated from gently dipping east-block rocks to the northwest 
by an inferred fault that roughly follows the Breitenbush River. 
Stratigraphic offset across this inferred fault is difficult to esti- 
mate but is probably small, with the northwest side down. The 
northwest-tilted block thus appears to be a northeast-trending 
monoclinal flexure that has been broken at the flexure points. 
The net result is that the rocks northwest of the flexure are dis- 
placed downward relative to rocks southeast of the flexure. The 
flexure could be the result of secondary folding c a d  by a small 
component of left-lateral shear on the Hoover fault. 

Although there is no evidence of large-scale compressional fold- 
ing, the northwesterly dip of the rocks on the north- side of 
the Hoover fault at Hoover Ridge and the southwest to mutheast 
dip of rocks on the southeast side of the fault on Boulder Ridge 
can be interpreted to form a faulted anticlinal structure (eee de- 
scriptions of the Breitenbush anticline by Thayer, 1939). The fact 
that the fold axis is coincident with faults introduces other possi- 
ble interpretations. The southwestward dip of unit TBq along 
Boulder Creek could be the southwestward-plunging nose of this 
anticline. However, if, as suggested above, units Tbq and Tbl are 
separated by an  angular unconformity, then dips on the east 
block measured in unit Tbq and younger units may have little or 
no relationship to dips of unit Tbl on the west block of the Hoover 
fault. Even dips measured in rocks mapped as unit Ibl on the 
southeast block are not necessarily helpful, because i t  is not 
known kith certainty whether unit Tbl on the southeast block is 
correlative to or even approximately contemporaneous with unit 
Tbl on the northwest block of the Hoover fault. It is possible that 
some northwestward-dipping rocks of unit Tbl lie beneath the 
southeast-block rocks mapped as unit Tbl and are separated from 
them by an angular unconformity. The “anticline” would, in tha t  
case, be an  artifact of the faulting. The relatively high dip of the 
older rocks on the northwest block relative to the younger rocks 
of the east block and the abrupt change of dip across the Hoover 
fault support this interpretation. 

I f a  marker unit contemporaneous with unit Tbl could be corre- 
lated across the Hoover fault, this would lend credence to the con- 
cept of an  anticline. I t  would also help to establish the amount of 
offset that may have occurred before deposition of unit Tbq. For 
example, if unit Tls, which is conformable on top of northwesterly 
dipping rocks of unit Tbl a t  the mouth of the Breitenbnsh River 
(west of the map boundary), could be located on the southeast 
block, this would suggest that the sequence was folded. Drilling to 
2.5 km on the southeast block (Sunedco Well No. 58-28) has failed 
to intercept either the unit TIS sequence or any other pre-Tbq 
unit that can be correlated across the Hoover fault. The unit Tbl 
sequence intercepted in Sunedco Well No. 58-28 appears to have a 
greater quantity of ash-flow tuff than is typical of unit Tbl crop  
ping out on the northwest block. A highly altered, quartz-rich tuff 
intercepted in the lower part of the well is also not known to crop 
out anywhere on the northwest block. It is possible either that, 
owing to accidents of original rock distribution, no distinctive 
w-iits correlate across the fault, or that dip-slip offset on the 
Hoover fault prior to the deposition of unit Tbq could be so large 
that  the bottom of the 2.5-km-deep well is in units younger than 
any Tbl or Tls units that crop out on the northwest Mock of the 
fault. This amount of dipslip would require an offset in excess of 
4 km. This latter possibility could be tested either by deepening 
Sunedco Well No. 58-28 to see if unit Tls can be intercepted or by 
attempting to correlate the distinctive quartz-rich tuff from the 
lower part of the well to outcrops outside of the map area on the 
northwest block of the Hoover fault. If this extreme dip-slip offset 
is present, then the quartz-rich tuff should crop out aomewhere 
above the unit Tls sequence on the northwest block. 

Aside from some smalldisplacement. northwest-trending nor- 
mal faults in the Outerson Mountain area (Clayton, 1976; Rollins, 
1976); the only other major deformation in the map area is a 
northeast-trending fault, named the ‘%run0 fault,” which mop 
out in a roadcut on the northeast flank of Mount Bruno. The 
Bruno fault strikes N. 30” E. and dips 80” to the southeast. The 
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fault a t  the outcrop juxtaposes units Tmd and Tmb and is there- 
fore younger than about 10 Ma. A flow of unit Tp dated at 6.1 Ma 
occurs on the southeast side of the Bruno fzult on the southeast 
flank of Mount Bruno, but owing to the local lithologic similarity 
of units Tmb and Tp, it is not known for certain if the fault cuts 
unit Tp there. Unit Tp is apparently offset down to the east across 
the fault near Bruno Creek, although the palagonite-rich charac- 
ter of unit Tp on the east side of the fault versus the paucity of 
palagonite tuff in unit Tp west of the fault casts some doubt on the 
correlation. Down-to-the-east offset is also suggested by the in- 
creasing southeasterly dip of volcaniclastic interbeds in unit Tp 
as  the postulated extension of the fault is approached from the 
east. These southeasterly dips could be caused by drag. If the 
palagonite-rich rocks on the east side of the projected fault are 
unit Tp,  then there is dip-slip offset of about 370 m across the 
fault. The unit T p  sequence adjacent to the fault a t  Bruno Creek 
crops out a t  Bachelor Mountain, where the uppermost flow has a 
K-Ar age of6.35 Ma. Unit Tub appears to thicken abruptly across 
the southwestward extension of the fault, suggesting that unit 
Tub is lapping onto an  east-facing fault-line scarp. The base of 
unit Tub has K-Ar ages of 2.7 to 3.1 Ma, so the fault was active 
prior to about 3.1 Ma. The fault was therefore probably active 
sometime between 3.1 and 6.35 Ma. 

The down-to-the-east offset and age of the Bruno fault are simi- 
lar to ages and offsets inferred for faults bounding the west side of 
a regional graben in the High Cascades of central Oregon (Allen, 
1966; Taylor, 1980). However, the N. 30" E. strike of the fault 
where i t  crops out does not match the nearly north-south trend of 
the postulated graben faulting. The fault is also west of the North 
Santiam River, not a t  the river, as inferred by Allen (1966). It is 
possible that the fault extends to the northeast through Wood- 
pecker Ridge and the Sentinel Hills, where it is obscured by 
younger lavas. This extension cannot be proved with available 
stratigraphic information. The fault also apparently extends 
southward where it merges with a zone of down-to-the-east fault- 
ing with a more northerly trend (Black and others, 1987). 

Mineralization 
Samples from most of the intense alteration zones were 

analyzed for a broad spectrum of ore metals. Only one sample had 
a metal content above background levels. The sample came from 
a quartz-veined shear zone in a tuffaceous debris flow of unit Tbl 
a t  Hoover Ridge. The shear zone trends N. 55" W. and dips 82" to 
the northeast with horizontal slickensides. Drusy quartz with 
open boxworks containing abundant iron oxide was sampled. Two 
batches of quartz fragments were analyzed, both labeled NS-473. 
One sample has 57 parts per million (ppm) Cu, 1,394 ppm Pb, 10 
ppm Zn, 1 ppm Mo, 3.6 ppm Ag, and <5 parta per billion (ppb) Au. 
The other sample has 175 ppm Cu, 2,722 ppm Pb, 40 ppm Zn, <1 
ppm Mo, 8.6 ppm Ag, and 35 ppb Au. The analyses were per- 
formed by Chemex Labs Ltd., North Vancouver, B.C., utilizing 
quantitative and semiquantitative multielement induction 
coupled plasma (ICP) analysis, except for Au, which was deter- 
mined by fire assay/atomic absorption (AA). The sample location 
is in a roadcut a t  see. 29 Dbacc, T. 9 S., R 6. E., long 1223'53" W., 
lat U"45'44" N. 

Walker and others (1985) found anomalous contenta of metallic 
elementa in rocks and stream sediments from the Battle Creek 
area and in rocks from the ridge immediately east of Dunlap 
Lake. The former area had rock samples with maximum values of 
>20,000 ppm Cu, 150 ppm Pb, 500 ppm Zn, 7 ppm Mo, 200 ppm Ag, 
and 350 ppb Au. The latter area had rock samples with maximum 
values of 20 ppm Cu, 20 ppm Pb, (200 ppm Zn, 20 ppm Mo, 15 ppm 
Ag, and 150 ppb Au. The analyses were obtained by semiquan- 
titative spectrographic analysis. Walker and others (1985) con- 
cluded that these areas have moderate mineral potential. 

Geothermal Resources 
Thermal fluid has been encountered at two localities in the 

map area Thermal fluid reaches the surface at Breitenbush Hot 
Springs, and a thermal aquifer was encountered in Sunedco Well 
No. 5828 at a depth of 752 to 782 m. The hot springs have a tem- 
perature of about 86 "C (Mariner, 1985), with temperatures in ad- 
jacent &allow wells as high as 110 "C at 100 m (Blackwell and 
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others, 1981). The thermal aquifer in Sunedco Well No. 58-28 had 
a temperature of 136 "C, when measured by a maximum-reading 
thermometer during drilling (A. Waibel, unpublished data, 
1982). A thermistor log run about six months after drilling mea- 
sured a maximum temperature of about 115 "C in the same part 
of the well (Blackwell and others, 1986). The second temperature 
reading was taken a h r  the aquifer had been cemented off and 
cased. It is possible that injected cement and drilling fluid may 
have disturbed the natural flow of water in the aquifer enough to 
account for the discrepancy between the two temperature read- 
ings. The complete temperature-depth profile of Sunedco Well 
No. 58-28 is not available, but, from data in hand (A. Waibel, un- 
published data, 1982; Blackwell and others, 1986), it is apparent 
that the thermal aquifer has raised the temperature gradient 
above regional background values (Priest, 1985). No stable tem- 
perature readings are available for the lower part of Sunedco 
Well No. 58-28, but the maximum recorded bottom-hole temper- 
ature of 141 "C (A. Waibel, unpublished data, 1982) is consistent 
with a minimum background gradient of about 56 "Ckm (Priest, 
1985). This gradient is consistent with gradients expected for 
sites in the Cascade heat-flow anomaly of Blackwell and others 
(1978, 1982) (Priest, 1985). 

Thermal fluids in the mea occur in unit Ts naar its bw6i  con- 
tact with unit Tbq or in unit Tbq. The hot springs emerge from 
fractures in unit Ts near the contact with underlying unit Tbq. 
The thermal aquifer in Sunedco Well No. 58-28 is located in frac- 
tured and sheared tuff of unit Tbq near the contact with overly- 
ing unit Ts (see cross section). Anomalously high temperature 
gradients occur near the hot springs and near Sunedco Well No. 
58-28. The gradients decrease gradually toward the east and fall 
off abruptly to background values a short distance to the west of 
the well (Blackwell and others, 1986). This is consistent with an 
easterly dipping heat source, probably the aquifer intercepted in 
the well (A. Waibel, personal communication, 1985). The dip of 
the Breitenbush Tuff in the area adjacent to the well is approxi- 
mately 10" to the east-southeast. The thermal fluid may thus be 
flowing upward along permeable zones in the tuff from sources 
under the High Cascades to the east. If the fluid cools by conduc- 
tion and mixing with cooler fluids as it  flows, then it may be sig- 
nificantly hotter to the east. Estimated reservoir temperatures 
for Breitenbush Hot Springs are 176 "C (sulfate-water method), 
174 "C (anhydrite method), 166 "C (quartz method), and 148 "C 
(Na-K-Cn method) (Mariner, 1985). The higher estimated tem- 
perature .are probably most representative of the actual reser- 
voir temperature (Mariner, 1985). The proposed geothermal 
model could be tested by drilling and sampling a 2-km hole a t  see. 
36 Ddd, T.9S., R.7. E. 

Analytical Procedures 
Approximately 165 whole-rock chemical analyses were utilized 

in the study to help define and characterize stratigraphic units 
and to search for economic minerals. These data will be presented 
in an open-file report to be published by the Oregon Department 
of Geology and Mineral Industries. The data were generated by 
atomic absorption spectrophotometry, Christine McBirney, 
analyst, University of Oregon, and by quantitative and semi- 
quantitative multielement ICP analysis at Chemex Labs, Ltd. 
Multiple splits of samples and previously analyzed samples were 
submitted to aid in quality control. 

K-Ar data were generated by Robert Duncan, Oregon State 
University, Corvallis, Oregon, and Paul D a m i i U n i W i % i t ~ f - ~  
Arizona, Tucson, Arizona, utilizing standard methods. "'ArPAr 
data were generated by Daniel Lux, University of Maine, Orono, 
Maine, utilizing standard methods. In some cases, where the 
radiometric dates were obviously in error (e.g., a n  older date 
stratigraphically above a younger date), the samples were rerun. 
In most cases, the dates were exactly the same in the second run, 
suggesting that the errors were not in the analysis but were in 
the assumption that the isotopic systems had been closed to K 
and/or Ar exchange. 
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Table 1. (See accompanying map.) 

Table 2. "AriJgAr data for samples from units Tp and Tmb in map area and from unit Tis in Hall Ridge area west of map area 

Plateau Total fusion 
Sample Geologic age age Temp 

170 unit J ( M a Z l a )  (Ma) ("C) 

NS-462-W Tp OooM)97 6102091 598 865 
985 

1065 
1155 
FUSE 
Total 

NS-328-W Tmb 0 006Oi7 6 45 2 0  46- -8 56- 

NP-826-P TIS 0 005564 - 26 46 

825 
925 

1000 
1075 
1145 
FUSE 
Total 

825 
900 
940 

1000 
1025 
1 O M  
FUSE 
Total 

-%I- -%L Moles 39Ar 
39Ar Ar "Ar 39Ar (70) 

332 24064 00099 5053 432 
286 79830 00100 3533 302 
323 107515 00119 1731 148 
465 189252 00190 931 8 0  

1184 341494 00473 4 4 6  38 
11694 1000 

2 62 
2 45 
3 41 
5 28 
9 57 

1866 

5 85 
3 42 
3 1' 

383 
5 14 
4 70 

3 1 7  

83288 Ow91 
90770 00086 

149949 00124 
229189 00210 
288951 00376 
297659 00636 

67180 00106 
56900 OW44 
51220 00036 
49430 00040 
53640 00058 
42900 00100 

128200 00101 

Ar,, 
( O h )  K/Ca 

40 

170 02031 
176 00610 
167 00452 
11 5 00255 
5 1  00140 

Localion Apparent age 
T (S )/R.(E.)!sec. Lalilude(N ) Longitude (W (Ma) 

621 2 0 16 11/7i4BdW 44"39'00" 121'57'23 
5.58 I 026 
5.96 2 0.66 
5.97 f 1.60 
6.77 f 267 

2389 466 218 
1334 260 244 
264 5 2  271 
328 6 4  172 
384 7 5  8 1  

422 8 3  120 
5126 1000 

1797 177 552 
3042 300 74 7 
2037 201 783 
1200 118 745 
597 5 9  658 
834 8 2  487 

6 3 0  A 2  576 
10137 1000 

00585 630 2 065 1017135Wbd 4 4 3 9 2 3  121'56%' 
00536 6 6 0 2 0 7 0  
00323 1023 2 340 
0 0210 10 07 f 3 77 
00166 8 6 9 ~ 5 2 0  
00161 2497 ? 178 

00726 3228 f 041 91535Cdac 44"4434' 1220940 
0 0857 25 57 2 0 31 
00953 2501 I 042 
00988 2 3 6 8 t 0 4 0  
0 0910 25 23 t 1 37 

0 0379 27 25 z 0 99 
01139 2503 2 099 
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Table 1. K-Ar and fission-tnck data 
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TIME ROCK CHART DESCRIPTION OF REGIONAL TIME-ROCK UNITS 
Introduction 

The volcanic rocks in the area have been informally subdivided into four regional time-rock units. This 
was done in order to allow the units to be conveniently correlated to regional units utiliied on other geologic 
maps of the Cascade Range. 

Upper Pliocene and Quaternary volcanic and volcaniclastic rocks 
This time-rock unit consists of rocks of various compositions that crop out in benches or plateaus that 

are intracanyon fillings in present stream valleys or in stream valleys that closely parallel present valleys. 
Subophitic to ophitic textures are common in basalts of the sequence; some are diktytaxitic. The base of 
the sequence is not dated but is estimated to be between about 3.7 and 4.2 Ma (see discussions of units QTa 
and Tc, respectively). The top of the sequence includes the post-glacial block-and-ash flow of Mount Jefferson 
(unit Qjl. The rocks are equivalent to the volcanic rocks of the late High Cascades episode of Priest and 
others I 1982,1983) and to the upper part of the volcanic rocks of the High Cascade Range and Boring Lava 
of Peck and others (1964). 
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Upper Miocene and lower Pliocene volcanic and volcaniclaatic rnch 
This time-rock unit consists of basaltic lavas (units Tp and Tc) with minor amounts of tuff (unv Tt) and 

rhyodacite (unit Td 1. which unconformably overlie the middle and upper Miw-me r x k s  (units Tmb, Tma, 
Tmd, Tmt, and Tms). The relief on the erosional surface of unconfomity increases from aboi4 150 m to 
more than 370 m from the oldest (units Tp. Tt, and Td) to the youngest (unit 3 ' :~  Dart of the seaioii. Unlike 
the upper Pliocene and Quaternary volcanic rocks. which form obviol;s flat-toppeu -. w h w  in iresent stream 
valleys. these lavafi crop out on the highest peaks of the Western Cdrcades. 'l7.w gmmorphir characteristic . 
and the isotopic ages of these volcanic and volcaniclastic rocks  ere wed tcr wparaiP lbem from the upper 
Pliocene to Quaternary section. Compositionally, the rocks of this sequence are identical to many of the 
younger and older volcanic rocks. The most mafic lavas of the sequence are less silicic than the most mafic 
rocks in underlying sequences, but the bulk of the sequence is identical in composition to the middle and 
upper Miocene sequence. The middle and upper Miocene rocks are, however. slightly more altered. with 
common alteration of olivine and. less commonly, orthopyroxene to green phyllosilicates. The upper Miocene 
and lower Pliocene lavas generally have a fresher. lighter color than the older lavas. weather to a light-tan 
color. aiid have more basalt with medium-grained ophitic and subphitic k ~ t u ~ e .  The age of tha of 
the sequence is unknown but is older than about 6.35 Ma and younger than about 10 Ma (see discussion 
of unit Tp and Tmb, respectively). The top of the sequence is about 4.2 Ma (see description of unit Tc). 
This time-rock unit is equivalent to the volcanic rocks of the early High Cascade episode of Priest and 
others (1982. 19831 and the lower part of the volcanic rocks of the High Cascade Range and Boring Lava 
of Peck and others (1964). 

Middle and upper Miocene volcanic and volcaniclastic rocks 
This time-rock unit consists of basalt and basaltic andesite (unit Tmb). andesite (unit Tmw. dacite and 

rhyodacite (unit Tmd). with interbedded vdcaniclastic sediments (unit Tms) and ash-flow tulftunit Tmtt, 
all of which unconformably overlie the Breitenbush Tuff and associated lavas and are umnfurmably 
overlain by unit Tp and younger rocks. This .sequence fills a paleotopographic surface with about 200 to 
400 m of relief. The rocks generally show some alteration of glass and mafic silicates, especially olivine 
and rarely orthopyroxene. to green or yellow-green phyllosilicates. The lavas are compact to vesicular but 
never diktytaxitic. Mafic units mostly lack the small glomeroporphyritic clusters of 0.1- to 0.5-mm-long 
olivine and plagioclase cryslals that are common in younger mafic flows. Ophitic to subphitic textures are 
also much less common in basaltic lavas of this group than in younger basaltic rocks. Nearly all of the 
lavas are quartz normative with silica contents (analyses recalculated volatile-free) mostly in excess of .50 
percent. whereas the most mafic end members of unit Tp and younger mafic assemblages leek normative 
quartz and reach silica contents below 59 percent. The age isnot well constrained b& is YOU 
18 Ma and older than about 6.35 Ma (see discu.ssio 
equidalent to the volcanic rocks of the late Western Cascade episode of Priest and others ( 
sequence corresponds to many of the rocks in the region mapped as Sardine Formation by 
119641. although the pcks  a t  the type section of the Sardine Formation are actually 
discussion High Cascade of unit Range TIS). and Peck Boring and others Lava. ( 1 9 6 4 1  mapped most of this sequence as  their volc 

-0Tigocene- amiGr-M&ene volcanic an 
This is a thick 4,600-mi sequence of predominantly t 

and tholeiitic {iron-rich) lavas (unit Ts), tholeiitic volcani 
Tlb). These rocks are unconformably overlain by the 
approximately 18 Ma in age (see discussion of unit Tbp 
is older than 26.46 Ma (see discussions of units Tbl  and 
the early Western Cascade episode of Priest and others 
of  Peck and others (19641. -- 
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SURFICIAL UNITS 
Alluvium (upper  Pleistocene and Holocene) - Fluvial sands and gravels with minor lacustrine 171 deposits 

Colluvium (upper  .PteisMene and Holocene) - Unconsolidated talus and deposits of mixed 
soil and rock that have been transported significant distances by creep and slope wash 

Landslide deposits (upper Pleistocene and Holocene) 

El  

EXPLANATION 
I 

Lower andesite sequence (lower Miocene) - Two-pyroxene andesite lavas interbed 
unit Tbu and the upper part of unit Ts. The rocks are mostly highly porphyritic with 1- t , ~  
long plagioclase, clinopyroxene, and orthopyroxene set in a fine-grained groundmass ofde 
to hydrated glass that is completely altered to zeolite and clay in some areas (e.g., west 
Ridge). Where glass is altered to clay, orthopyroxene is mostly altered to greenish smerti 
the most intensely altered rocks, the plagioclase is also partially to completely altered to clay and 
zeolite. The unit varies in thickness from 30 to 240 m. The thickest exposures are on the southwest 
flank of Coopers Ridge. where many of the flows are probably part of plug dome complexes. The in- 
timate association of unit Tla with unit Tbu and the great thickness of unit Tla on southwest 
Coopers Ridge suggest that that area may have been a major eruptive center for both units. The in- 
tense hydrothermal alteration in the same area is also consistent with its being a volcanic center. 
The uppermost part of the sequeneeis interbedded with unit Tbp. K-Ar ages ranging from 14.5 td 
17.7 Ma (Sutter, 1978; Hammond and others. 1980, 1982 Fiebelkorn and others. 198'21 were ob- 
tained Rom a relatively fresh vitrophyric flow in unit Tbp on Boulder Ridge. A fission-track age of 

on what appears to be contemporaneous ash-flow tuff of unit Tbp southeast of 
e North Santiam River. Some lavas chemically similar to unit Ts are inter- 

fingered in the lower part of unit Tla, but most of unit Tla overlies unit Ts, making it chiefly 
younger than unit TB, which has ages of 19.4 to 25.5 Ma. The bulk of the unit was probably erupted 
betwe& about 18 and 19.4 Ma. These rocks were mapped by Hammond and others I 1980.19821 as 
their Cmpers Ridge andesite and as Nohorn andesite 

' 

Ash-flow and air-fall tuff (middle and upper Miocene) - Lithic-rich welded to nonweld 
ash flows interbedded with a minor amount of light-colofed air-fall and lacustrine tuff. Unit 
which forms tow to moderate slopes and is responsible fqr most of the large landslides in the 
reaches a maximum thickness of about 240 m in the southern part of map. A K-Ar age of 1 
Ma was obtained on uppermost units interbedded in dnit T m b  on Boulder Ridge, and 
12.3 5 0.2 Ma and 12.6 5 0.2 Ma were obtained at the base of the unit south of Collawash 
(Hammond and others, 1980. 1982; Fiebelkorn and othprs, ,19821. The K-Ar ages of b 
south of Collawash Mountain are from a n  isolated outctop that may not be representativ 
base of the unit elsewhere. Unit T m t  is everywhere younger than uppermost unit Tbp. 
at about 18 Ma, and was mapped primarily as the Rhodbdendmn Formation or the Bou 
member of the Breitenbush Formation by Hammond 

Oligocene and lower Miocene volcanic and volca 
Breitenbush Tuff, undifferentiated (Oligocene andjlower Miocene) - Dacite and a 
ash-flow, air-fall, and volcaniclastic tuff with a large cofnponent of mudflow and laharic 
containing abundant blocks and lapilli of mafic to silicik lavas andsome welded tuff. Mos 
rocks show some degree of alteration, primarily in the d i t e  facies. The amount of rock a 
alteration increases with depth in the sequence. 
whereas lowermost rocks show pervasive 
clinopyroxene. The rocks are locally veined by 
cating some hydrothermal metamorphism. Where possiple, unit Tp has been subdiv 
informal units listed below. Unit corresponds to the Breitpnbush Tuff as mapped by Th 

uppermost rocks affects mai 

Lavas (Ts) (upper Oligocene and lower Miocene) and volcaniclastic rocks (Tea) (upper 
Olinocene) of  Scomion Mountain - Lavas of unit Ts and lava clasts of unit Tse are c h i d v  , 

Tp 

groundmass. Unit Tp can be distinguished from unit Tmb in mo$t p i t s  lack of alteration 

xture that is lacking 

argon (see Table 1 )and occupy about the same stratigraphic level as rockdated a t  6.30 Ma a t  Out- 
erson Mountain. A K-Ar age of 6.35 ? 0.15 Ma was also obtained from a @w near the top of the sec- 
tion exposed at Bachelor Mountain. A '"Ar-"'Ar plateau age of 6.10 2 0 . 1  Ma (see sample NS462- 
W, Table 2 in text accompanying this map) was obtained on a possible downfaulted basalt of unit 
Tp on the southeast flank of Mount Bruno. Unit Tp was mapped prim ly as the older basalt and 
basaltic andesite by Hammond and others (1980, 1982, 

Slide block (up'per Pleistocene and Holocene) 

Slide block of uni t  QTb (upper  Pleistocene a n d  Holmend) m 
1 _ -  

Slide block of uni t  T m b  (upper  Pleistocene and Holocene) 

Slide block of uni t  T m t  (upper  Pleistocene and  Holocenel El dari-gray, iron-rich basaltic andesite and andesite with lesser quantities of iron-rich basalt and 
calc-alkaline basalt and andesite. Units Ts and Tse include numerous thin interbeds of volcani- 
clastic sandstone and mudstone. Lavas and lava clasts vary from nearly aphyric. olivine-bearing 
black basalt to highly porphyritic lavas of intermediate composition. Phyric lavas have abundant 
dark-gray plagioclase. altered olivine, and unaltered clinopyroxene with minor iron-titanium 
oxide phenocrysts. Most lavas and lava clasts also have abundant iron-titanium oxides in the 
groundmass. Unit Tea, which is locally difficult todistinguish from debris flows of unit Tbl without 
chemical or petrographic analysis, is mapped only where i t  interfingers with unit Ts. Some rocks 
mapped as unit Tbl may therefore be unit Tse in areas where field relationships to unit Ts are not 
clear. The coarsest clasts in debris flows of unit Tbl cue generally smaller than the coarsest clasts 
of unit Tss. The few clasts from units Tbl  and Tss that have been chemically analyzed indicate 
that both units have clasts with tholeiitic thigh Fe and high Fe/Mgj chemistry. Unit Ts reaches a 
maximum thickness of about 490 m at Scorpion Mountain, which was probably a ma&r vent area 
for the lavas. Unit Tse reaches a maximum exposed thickness of about 158 m north of the Breiten- 
bush River. K-Ar ages range from 19.4 to 25.5 Ma for la nd intrusives in unit Ts (White, 
1980a). Unit Ts is locally interbedded with the lower pat% o Tbu. the upper part of which has 
a fission-track age of about 18 Ma (see discussion of unit Tbp, rtbovel. Unit Tss is not isotopically 
dated but underlies or is interbedded with the lower part of unit TL Hammond and others t 1980. 
1982) mapped unit Tse primarily as the beds of Detroit and unit Ts primarily as the basalt of Out- 
e m n  Mountain 

Lower basaltic andesites (Oligocene?) - Heavily altered, plagioclasc.-pyroxene(?l-phyric. dark- 
gray lavas interbedded in and at the base of unit Tbla. Contains 11 to 25 percent plagioclase and 
about 2 to 3 percent altered mafic silicate phenocrysts. Some lavas contain minor (0.5 percent) 
fresh clinopyroxene. Unit Tlb reaches a maximum inferred thickness of a b u t  240 m at the head of 
East Humbug Creek. Its position. interbedded in unit Tbla, suggests an age in ex- of 25.5 Ma 
(see discussion of unit Tbla). Mapped primarily as hornblende andesiteidiorite by Hammond and 
others I 1980,1982) 

Lavas of Sardine Mountain (Oligocene?) - Aphyric and plagioclase-pyroxenephyric basaltic 
andesite and andesite lavas I Walker and others. 19851. Includes local andesitic volcaniclastic and 
mudflow deposits with some bedded epiclastic sedimentary rocks (Walker and others. 19851. Unit 
Tls m u r s  only in the northwest corner of the map in the Bull of the Woods Wilderness area. Con- 
tacts there are mapped from the distribution of unit Tba of Walker and others ( 1S5i. Within the 
map boundary, unit Tls reaches 
probably roughly correlative to 
w&fof the map area. The rocks 
hornblende-bearing flows and many flows wi 
phic after hornblende. Minor dacite and basaltic andesite are interbedded locally. Many of the ex- 
posures appear to be plug domes. All of unit Tls is altered, but a K-Ar age of plagioclase from one 
of the least altered flows near the base of the sequence west of Detroit. which is west of the map 
area, yielded two isotopic ages, a K-Ar age of 22.1 -c 0.5 Ma and a "'Ar/"'Ar total-gas age of about 
26.46 ?0.52 Ma for the unit (Table 1 on this map and Table 2 in text accompanying this map, re- 
spectively). In view of the fact that the sample was altered and does not have a age spectrum with 
a well-defined plateau age, the evidence favors an isotopic age equal to or greater than the '"An "Ar 
total-gas age of 26.46 Ma for unit Tls. Unit Tls in the Battle Creek area was mapped as hornblende 
andesitediorite or pyroxene andesite diorite by Hammond and others ( 1980.19H21 

' 

. 

VENT- CCME?LEXES 
Vent complexes consist of abundant near-vent features, such as agglomerates. agglutinates. 

palagonitic tuff cone sequences, radial dike swarms, thick cinder deposit3 with steep initial dips, 
and, in ash-flow sequences, possible intracaldera landslide deposits 

Basaltic vent  complex of unit  QTb (upper Pliocene to lower Pleistocene) 

Basaltic vent complex of unit  Tp (upper Miocene to lower Pliocene) 

m Slide block of uni t  T b u  (upper  Pleistocene and Holocened 
hornblende-bearing (Tbh), and welded pyroxene-beadng (Tbp) ash-flow turn elsewher 
ferentiated unit Tbu contains interbedded nonwelded gsh-flow tuff and volcaniclastic sa 
mudstone, and minor debris flows. Uppermost rocks halve been dated a t  about 18 Ma (see 

Boulder Ridge). Unit Tbq reaches a maximum thickness of about 120 m in the Boulder Ridger 
area. A K-Ar age of 20.3 = 0.2 M a  was obtained on plagioclase from Cleator Bend (Sutter. 1978 
but unit Ts and related rocks dated a t  about 19.4 tcr 25.5 Ma overlie or cut unit Tbq; thus th 
20.3-Ma K-Ar age is probably affected by alteration. Unit Tbq is partially correlative to th 
Cleator Bend member of Hammond and others ( 19gO. 1982) but, as mapped by them, also in- 
cludes part of their beds of Detroit and the Boulder Ridge member 

Volcanic and volcaniclastic rocks of the lower part of the Breitenbush Tuff (Tbl) and in* 
terbedded ash flows (Tbla) (Oligocene?) - Includes all epiclastic and pyroclastic rock units in 
unit Tb that are  stratigraphically below unit Tbu.  Unit Tbl is composed dominantlyof lithic-rich 
tuffs with abundant lapilli- and coarse-ash-size lithic fragments in a fine ash matrix. Unit Tbl 
contains abundant volcaniclastic sandstone, mudstone, and debris flows. The amount of fine- 
grained volcaniclastic rock in unit Tbl  is much larger khan in unit Tsa, which is dominated byde- 
bris flows with abundant lapilli- to block-size clasts. Debris flows of unit Tbl are very similar to 
debris flows of unit Tss. A few analyses of lava clasts from unit Tbl  have high Fe'Mg ratios and 
high total Fe. typical of tholeiitic lavas in unit Ts and clasts of unit Tss. Thin andesite and basal- 
tic andesite lavas are interbedded locally. Nonwelded and a few welded ash flows m u r  sporadi- 
cally throughout the section. becoming more abundant in the upper part where they are sepa- 
rately mapped as  unit Tbla. All glass in units Tbl  and Tbla is altered, giving glass-rich units a 
distinctive green to blue-green color. Alteration is intense enough in most outcrops to have af- 
fected the plagioclase to some degree, producing zeol&tes and clay along fractures. Unit Tbh ia'  # 
chiefly nonwelded to partially welded ash-flow tuff q i th  a purplish to greenish color and 3 to 7 
percent phenocrysts, chiefly partially altered plagioclase, in the matrix. Mafic silicates are 
mostly altered to green phyllosilicates, although minqr clinopyroxene survives in some outcrops. 
The volume of unit Tbl  is greater than the total volume of all the other units of the Breitenbush 
Tuff. A minimum thickness of about 2.2 km of unit Tbl  is exposed in the map area. Unit Tbla 
reaches a maximum thickness of about 500 m west of East Humbug Creek. In view of the alter- 
ation that affects all of unit Tbl, all K-Ar ages are prgbably minimum ages. K-Ar ages of 23.2 to 
24.3 Ma have been obtained on ash-flow interbeds @utter, 1978: Hammond and others, 1980, 
1982). Units Tbl  and Tbla are both older than unit Ts, which appears to overlie or intrude units 
Tbl and Tbla in the northern part of the map. Unit mla and Tbl are thils both older than 19.4 
to 25.5 Ma, the age of unit Ts and related rocks. Unit Tls overlies unit Tbl -st of the map area. 
Isotopic age data for unit Tls indicate an age equal to or greater than 26.46? r 52 Ma (see discus- 
sion of unit Tls, belowl. Hammond and others ( 1980, 1982) mapped unit TtL ?r .manly as the 
Cleator Bend member of the Breitenbush Formation. They mapped unit Tbi  T., tiw beds of De- 
troit, although other rocks. including andesitic l a v a  and plug domes of the & d i ~ ~ ~ ~  Series of 
Thayer I 19391 and unit Tss of this map, are also included in their beds of Detroit 

Glacial-fluvial deposits (Pleistocene) - Includes till and outwash deposits 

VOLCANIC UNITS 
Upper PHocene and Quaternary volcanic and v o l c a n i c l d c  rocks 
Block-and-ash flows of Mount Jefferson (upper Pleis tocde and Holocene) - Pyroxene da- 
cite block-and-ash flows with numerous prismatic fractures dn blocks, indicating emplacement 
while hot. Unit Qj ts about 30 m thick. Its occurrence in the Whitewater and Pamelia Creek valleys 
suggests an origin from Mount Jefferson. The unit, which w$g lo:ally eroded by late Pleistocene 
glaciation, overlies some older moraines along the North Santiam River. Radiocarbon data indi- 
cate that some parts of the deposit are older than 38.000 years (Beget, 1982). Hammond and others 
( 1980, 19821 inferred that the deposit in the Pamelia Creek valley IS younger than the last glacia- 
tion. Unit Qj was mapped as the volcanic deposits of Mount jefferson by Hammond and others 
(1980. 19821 

Olivine basal t  and basaltic andesite of Pigeon Prairie (upper  Pliocene? andlor  Pleis- 
tocene?) - Very fresh appearing and locally diktytaxitic lave forming plateaus and intracanyon 
flows preserved as  benches in the lower slopes of modern stream valleys. A small hill on Little Pi- 
geon Prairie with abundant float of cinders and a poorly e x p o d  dike (unit QTvI may be the vent 
area for many of the intcacanyon flows adjacent to it The ur$t reaches a maximum thickness of 
about 490 m a t  Little Pigeon Prairie Unit QTb was mapped rily as  the younger basalt and 
basaltic andesite by Hammond and others ( 1980,19821 

Andesite and basaltic andesite (upper Pliocene and lowe stoeene) -Unaltered flows of 
two-pyroxene andesite and pyroxene-rich basaltic andesite that form plateaus and benches n the 
sides of modern stream valleys Maximum t 
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part of this unit interfinger with the upper part of theParkette Creek sedimentary rocks dated a t  
about 1.8 Ma (Black and others, 19871. A lava flow from near the top of this unit at Grizzly Peak 

least  of the mhp areal yielded a-K=Ar age of0 681 -c O : O $ d h .  Unit QTbb was mapped as the basalt 
of Minto Mountain by Hammond and others ( 1980, 19821 

Lavas of Battle Ax Mountain (upper Pt iorrne and tower Pleistocene) - Chiefly basaltic 
andesite with lesser amounts of basalt and andesite and minor amount of hornblende-bearing da- 
cite. Silica content is higher in the upper part of the section (White, 1980a). Unit QTba was 
erupted from the Battle Ax Mountain area west of the map boundary (White. 198Oat and reaches 
a maximum thickness of about 490 m at  Deadhorse Mountain According to White (1980a). the 
youngest flows have reversed polarity. so unit QTba cannot be younger than about 0.73 Ma, the 
end of the hlatuyama Reversed Epoch (Harland and others, 1982). K-Ar ages ranging from 
1.26 + 0 54 Ma to 1 95 * 0.52 Ma were obtained on the rocks outside of the map area near BattIe Ax 
Mountain (Sutter. 1978: Fiebelkorn and others, 1982). Unit QTba was mapped primarily as the 
basalt of Battle Ax by Hammond and others I 1980. 19R2) 
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Boulder Ridge, was dated at 10.4 5 1.2 Ma (Hammond and others, 1980, 19821. A slightly altered 
samde of unit Tmb from <he bottom of the section on the North Santiam River w2s dated by the 
"'Ar!'"Ar method in order to obtain a crystallization age. The attempt was not entirely successful. 
Ages ranging from 6.3 Ma to 24.97 Ma were obtained during incremental heating with no obvious 
plateau (see Table 2 in text accompanying this map). Ages from the first two incrementsof heating 
were 6.3 and 6.6 Ma, representing about 72.6 percent of the total "'Ar released. These ages are simi- 
lar to ages obtained on altered material in other parts of unit Tmb. Fairly consistent ages of about 
10 Ma were obtained from the next two higher increments of heating, but these have high error es- 
timates. The last increment yielded a n  age of 24.97 t 1.78 Ma, which isclearly tooold and may rep- 
resent excess mantle argon trapped in the cores of phenocrysts. If a whole-rock K-Ar age had been 
determined, i t  would have been about 8.56 Ma. The age of the base of the section is therefore not 
known but is younger than about 18 Ma, the approximate age of the topofunit Tbp. and older than 
11.5 Ma. Unit T m b  was mapped primarily as the basalt of Outerson Mountain by Hammond and 
others (1980,1982). The section with andesitic interbeds near Outerson Mountain was mapped as 
the Rhododendron Formation by Hammond and others (1980.19821 

Andesite and dac i te  lavas  (middle and upper  Miocene) - Plagioclase-phyric, two-pyroxene 
andesite with minor amounts of plagioclase-bearing two-pyroxene dacite vitrophyre. Unit T m a  
thickens toward the Cub Paint and Bachelor Mountain area, reaching a maximum thickness of 
about 370 m northeast of Cub Point. This thickening suggests that the Cub Point-Bachelor Moun- 
tain area was a major andesitic volcano that was adjacent toand contemporaneous with basalt Col- 
canic centers (unit T m b )  to the north. A sample west of Hawk Mountain yielded a K-Ar age of 
11.8 k0.4 Ma ( White. 1980a.b~ A sample east of Dunlap Lake was dated a t  11.2 20.8 Ma (Sutter. 
1978: Fiebelkorn and others, 1982). Unit Tma overlies unit Tmt with isotopicagesof 12.3 and 12.6 
Ma south ofCollawash Mountain and was mapped primarily as the basaltofOuterson Mountain by 
Hammond and others I 1980. 19821 
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MAP SYMBOLS 
Basalt a n d  basaltic andesite of Mount Bruno (upper Pliocene) - Olivine basalt and 
pyroxene-olivine basaltic andesite lava flows. Mostly unakered compact lavas. although the lowest 
two or three flows near Minto Mountain are diktytaxitic. Olivines are fresh to iddingsitized, and 
the groundmass is holocrystalline. The rocks also commonly contain glomeroporphyritic clusters 2 
to 4 mm in diameter containing 0.1- to 0.5-mm-long olivine and plagioclase crystals. Unit Tub 
forms most of the western part of Minto Mountain and the southeast side of Mount Bruno. The 
lavas dip southeasterly a t  Mount Bruno, but the lower contact is a t  roughly the same elevation at 
Minto Mountain as a t  the east end of Mount Bruno. Either-the dip becomes subhorizontal between 
Mount Bruno and Minto Mountain or the lower contact is roughly horizontal, but the lavas have an 
initial southeasterly dip. The unit filled and locally overtopped a deep paleovalley corresponding 
approximately with the present location of the north-south-trending segment of the North Santiam 
River. The bottom of this paleovalley is about 240 m above the present river valley. Unit Tub 
reaches a maximum thickness of about 490 m. K-Ar a@s near the bottom of the section are 
3.06 r0.05 Ma (Mint0 Mountain) and 2.720.1 Ma (southeast end of the ridge adjoining Mount 

Basaltic vent  complex of unit T m b  (middle to upper  Miocene) 

Dacitic and rhyodacitic vent  complex of uni t  Tmd (middle to upper Miocene) 

Sample point for  '"ArPAr age, with 
Table 2 and discussed in the explanatio 
teration and stratigraphic relationships 

ons of years  - Data are listed in 
is of doubtful accuracy owing to al- 

. Contaet - Approximntely located 

A - ~ ? .  Fault - Dashed whew inferrpd; dotted where concealed; queried where doubtful; bar and ball on 
downthrown side; a r m  indicates dip; diamond-tipped arrow indicates rake of slickensides 

Strike and d i p  of b a r  zone - Arrow indicates dip; diamond-tipped arrow indicates rake of 
dickensides 

indicates that a drill-hole sample 
temperature data are shown. All =m -- 

'+, Probable plunging anticline ut 300 m deep; the one on Skunk 
Possible intracaldera landslide deposits consisting of angular clasts up to a few metem in 
diameter of  welded ash-flow tuff and other rocks set in a matrix of poorly indurakd. 
poorly sorted ash and lapilli (lower Miocene) -The outcrop of unit Tbv near Eagle Rock con- 
sists of a few large block-size clasts of welded tuffand lithic-rich debris flows set in a matrix of very 
poorly indurated ash- to lapilli-size debris-flow clasts; the unit overlies an ash flow but is laterally 
in steep contact with a thick debris flow. The outcrop of unit Tbv on Coopers Ridge consists of 
nearly 50 percent large blocks of welded tuff that are probably correlative with unit Tbp,  set in a 
matrix of poorly indurated reddish clay and sand. The outcrop on Coopers Ridge is lateratly in steep 
contact with unit Tla 

. 

-?? 

8 Horizontalbeds 

Strike and dip of bedn 
Area of intense *Iteration - Rock is bleached 
mineralogy. Locally veined with quartz and stai 

rly complete loss of original texture and 
iron oxide 

Bruno). The uppermost lavas a t  Minto Mountain and Mount Bruno are not d a t d  but mustbe older 
than 1.8 Ma. the age of unit QTs of Black and others ( 19871, which occupies a paleovalley cut in 
unit Tub south of the map area. Unit T u b  WHS mapped primarily as the basalt of Minto Mountain 
by Hammond and others I 1980. 19821 

Dacite and rhyodacite lava (middle and upper Miocene) - Banded, nearly aphyric vit- 
rophyric dacite and rhyodacite in thick flow units of limited areal extent, reaching a maximum 
thickness of about 240 m at Grizzly Creek. These rocks occur a t  the same elevations as adjacent 
basaltic andesite lavas of the lower part of unit Tmb in the Pamelia Creek-North Santiam area. 

235 * Sample point for K-Ar or fission-track ageb), with age i n  millions of years  - Data are listed 
in chronological order with references in Table 1 and discussed in the explanation. Ages in 
parentheses are of doubtful accuracy owing to low K. low radiogenic '"Ar. alteration, or strati- 
graphic relationships to other dated units 

Dike - Arrow indicates dip; cross indicates a dip 

INTRUSIVES 
Basalt and basaltic andesite dikes, plugs. and sills (middle Miocene to Pliocene) 

Tholeiitic Miocene) basal t  and tholeiitic andesite dikes, plugs, and sills (upper  Oligocene to lower 

Andesite dikes, plugs, and sille (upper Oligocene to Pliocene) 

Dacite and rhyodacite dikes, plugs. and sills (upper Oligocene to Pliocene) 

Upper Miocene and lower Pliocene volcanic and vo!cbnic~astic rocks 
Lavas of Collawash Mountain (lower Pliocene) - Numerous thin flows of basalt and basaltic 
andesite that filled and overtopped a deep I 370 ml. north-northeast-trending paleocanyon starting 

Therocksare in fault contact with uni tsTmaandTmbon theeastandsoutheast sidesofthemain 
area of exposure; other contacts are buried. The lower part of unit Tmb could be lapping onto steep 
plug domes of unit T m d  or could be interbedded with them. In any case. the upper part ofunit Tmb 
overlies unit T m d  on the east flank of Mount Bruno. Unit Tmd is prokbly5 younger than the 
youngest rocks in unit T b u  118 M a l  and older or the same age as  the middle of unit T m b  ( 10 to 11 
Ma). Unit Tmd was mapped primarily as  the basalt of Outerson Mountain by Hammond and 
others ( 1980, 1982) 

s 
GEOLOGIC CROSS SECTION 

L-----J at  Breitenbush Mountain and extending northward to the edge of the map. The rocks are mostly of 
very fresh appearance with little or no alteration. Basalticandesites are compact and fine grained 
with olivine and plagioclase phenocrysts. Basalts are mostly olivine phyric with subophitic to in- 
tergranular groundmasses. The rocks in the upper part of the sequence also commonly contain 
glomeroporphyritic clusters 2 to 4 mm in diameter of 0.1- to 0.5-mm-long olivine and plagioclase 
crystals. Unit Tc reaches a maximum thickness of about 600 m near Bald Butte. K-Ar agessouth- 
east of Collawash Mountain are 4.18 ? 0.07 Ma a t  the top ofthe section and 4.77 k 0.08 Ma a t  the 
bottom K-Ar ages of 6.1 ~ 0 . 3 1  Ma (White, 1980a) and 4.220.3 Ma (Hammond and others. 19801 
were obtained from the middle of the section southeast of Collawash Mountain. A sample from 
northwest of Hawk Mountain yielded a K-Ar age of 4.74 20.19 Ma (White, 1980a). The bulk of the 
age data thus favor an age of about 4.2 to 4.8 Ma, ages obtained southeast of Collawash Mountain 
from the top and bottom of the .section. respectively. Unit Tc was mapped primarily as  older basalt 
and basaltic andesite by Hammond and others I 1980.19831 
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Volcaniclastic sedimentary rocks (middle Miocene) - Light-colored tuffaceous mudstone and 
siltstone with lithic-rich sandstone and a few carbonaceous b&. These rocksoccur a t  and near the 
base of unit Tmb. Sunedco Well No. 58-28 intercepted about 260 m of unit Tms, which contained 
five thin basalt flows and one thin welded tuff (A. Waibel and M. Gannett. written cwnimunication, 
19851. Unit Tms is overlain by most of the unit T m b  section and is thus older than about 11.5 Ma 
(see discussion of unit Tmb).  Unit Tms occupies a paleovalley cut in unit Tbp. which was erupted 
between about 18 and 19.4 Ma (see discussion of unit Tbpi. Owing to poor e x p u r e ,  the unit was 
not recognized by previous workers in the main area of outcrop near Skunk Creek Fine-grained diorite, quartz diorite, granodiorite, and highly altered basaltic andesite and 

dacite (unit description taken from Walker and others I19851 for  rocks in the Bull of the 
Woods Wilderness area in the northwest part of the map)  (middle Oligocene to lewer 
Miocene) - Unit Tda was mapped primarily as pyroxene andesite/diorite by Hammond and 
others (1980. 1982) 3,000 

4,000 

Tbl \ 
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